Under glucose-deprived conditions, astrocytes rapidly underwent death due to their increased susceptibility to endogenously produced peroxynitrite (Gila 31, 155 Á/164; J. Neuroimmunol. 112, 55 Á/62; J. Neurochem. 74, 1989Neurochem. 74, Á/1998. In the present study, the cell membrane-permeable synthetic superoxide dismutase (SOD) mimetic cyclam manganese(III) 1,4,8,11-tetraazacyclodecane (Mn(III)-cyclam) completely inhibited the death of glucose-deprived immunostimulated astrocytes. However, the structurally related compounds Ni(II)-cyclam, Co(II)-cyclam, and H 2 -cyclam, which lacks metals, had no or a little cytoprotective effect. Of the cyclams used in this study, only Mn(III)-cyclam completely scavenged the peroxynitrite produced in glucose-deprived immunostimulated astrocytes and significantly blocked the depolarization of mitochondrial transmembrane potential in those cells. The present results suggest that cell membrane-permeable synthetic SOD mimetics such as Mn(III)-cyclam may be potential therapeutic agents for various diseases associated with the endogenous production of peroxynitrite. #
Introduction
Cerebral ischemia is accompanied by a marked inflammatory reaction that is initiated by ischemiainduced expression of cytokines, intercellular adhesion molecules, and other inflammatory mediators including reactive oxygen and nitrogen species produced from inflammatory cells. In cerebral ischemic insult, inflammatory cells such as macrophages and lymphocytes infiltrate into the brain lesion and activate glial cells including astrocytes and microglia (Hallenbeck et al., 1986; Lees, 1993) . The invading inflammatory cells and activated glial cells in turn react to disease through the secretion of various kinds of bioactive agents including nitric oxide (NO) (Hallenbeck et al., 1986; Lees, 1993) . NO has been implicated in a large number of pathologies (Bruhwyler et al., 1993) . The cytotoxicity of NO is increased by reaction with superoxide anion (O 2 ( ) to form the highly reactive peroxynitrite (ONOO ( ) (Beckman et al., 1990) . Previously, we reported that immunostimulated astrocytes became highly vulnerable to glucose deprivation (Choi and Kim, 1998; Choi et al., 2000 Choi et al., , 2001 . We found that the augmented death was caused by the collapse of antioxidant system (e.g., depletion of reduced glutathione) and resultant increase of peroxynitrite level in glucosedeprived immunostimulated astrocytes (Ju et al., 2000) .
In order to protect neuronal and glial injury during ischemic insult, much effort has been made by using antioxidants. On the same lines, various kinds of cell membrane-permeable superoxide dismutase (SOD) mimetics have been developed. Of synthetic SOD mimetics, metal-cyclam complexes that have the catalytic SOD activity by their included transition metal have been experimentally employed for the purposes of the detoxification of heavy metal and DNA modification (Zhang
